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Abstr act
An esdm 血o npro cedu reofClo tldLiq血d WaterP叫(CLWP)丘o m a血山一 鮎qu en cy micro w av e
radio m eter(.
opcr adon al frequ en cy: 23･8 G Hz and 31･4G Hz, Radio m 血 c W V R-1100)abo ud a n
air craR w a sde v eloped. the pro cedu r e u sed n o n-lin ea r regre ssio n method betw e enthe brighh ess
te mpe ratllre SOfthe radio m ete f and C LWP･ n e d 血v ed C L WP by applying this pro cedu reto the
brighh e sste mper ahre s of stratoct) m llh)s clo ud o y erthe s e a, which w eretaken by a micr o w av e
radiom eter abo ad a n aircraA( Ces sn a404 air craR ) ov erthe se a･ w a s cpmpared wi ththo se
simultan e o tLSly 皿 e aS u red 丘o zn
.
anotherairc ra丑(Beechcr ait B200 aircraA)eqnlpped wi the clo ud
probes, stt ch asPardcle Me a supngSyste m hc･ P”S)lD･ and 2 D-probe s, King
'
s Liquid WaterP血
(L W C)probe, aL ndGerbc{s - u ophysicsprobe(P V M-100 A)I The es 血 ated C L W Pof17Sg/m
2 by
thc 血 c ro w a v e r adio m eter r ea son ably agre ewiththe htcgraled clo tld w ater coⅡtents of 102g/m
2
皿d
170g/tt1
2 dedved &o m th6 htegrafio n of hquidw ate rco ntents giv e nby the s o u nding tncastq e m ent
using King
'
sL WC probe a nd Gerber
'
s pr obe, r e specdv ely. The PM Sprobe, ho w ev er, sho w ed s m姐
C LWP of 2I16g/m
ユ
I Thc 代 芯 O nOfthe s m an C L W P bm theP M Sprobedu eto the e alibr血 )nproble m
o r a si2X! r ange Ofthishstrll n eZLt.
1I hltrOduc也o n
Cl?d liquidw aterpath(CL W P)is o n e of the m o stinpo rtaz[tpa raJn eterSfo r clod physic s and for
stdy clim ate change･ The a c clm te 皿 ethod fo r 】n e astJringthe CL WP is by tlS mg W ell-c alilm ted
airbo rn e clo tldprobe･ This m ethod,ho w e v q,islimitedin m e a5n r e m erEta rea 皿din B.eqll e n Cy, bec a u s e
ofe co?Qmic a1 1imi do n･ The m ed10d ofrebievingC L W P 丘o m thebrightn e sste mperattq e 皿 e aS W ed
by a n lCrOW aV C radio mctcrhasbe e nd -lopeda nd hasbe ez” sed 加 m spa c ec raB, aircr aftandgr otlnd
basem e - e m a ltS(e･g･ M ･ A ･ J皿 S SCn ed･ 1993)I The u s e仙 1e SS Of 触 n ethod is wi dely ac
.
cq)ted,
bⅦt the v erifi血 o n ofthe perfo r m an c e ofthe mic ro w a v e m ethod is still difBcult aLnd 耽 pC r - e 皿tal
c o mpadso n shasbeenli mited in n血be r. The refore, - ber ofexperim entfo rthe v eri丘c血 o n_
of the
micro w a v eCI･WPr e出 e valm ethodshasbe e n rqt血ed(C 町 yet. al. 1990).
W eha v e sttldied dle r ehtio nbetw ee nthelayer ed w aterclotld stru cbF e and its r adiativ eprope rdes,
bas ed oTLaircrattobs e -血tl uS ng Clotldprobes, visible,in丘ar ed a nd micr o wav e r adiom eter s. h this
study, w e dev eloped a re出eval m ethod of C L W P 丘o m anairborn e 血al- hqu en cy micr o w a v e
r adiom 触 ･ m a n tdactur edby R8dio m紐ic h G･ ･ m d v eri 丘由 the - ie val m ethod by c o mp - gthe
C L W Ps &o m 血 w ave es血 ated and 丘o m clo udprobes su ch a sK ing
･
s clo ud w aterpr obe, P MS
pr obe 皿dFSSPprobe.
2
1
Air cr aA obs erv atiotl a nd n eas u re m etlt Ofc o ud liquidw i=tC rpa血
h the experim 叫 tw oairGr aftw ere tlS Cd･ An airc raft w a sBe e chcr aA 20 0Super 臨 Ig Air(B 20 0)
cquipped wi thclod probes su ch asPMS FSSP-loo
,
PM S OA P･2D-C, K 血g
,
ら clod uq血d w a丈er
probe･ a nd AVIOM ･ This aircraftw as u s edto 血ea s- clo血 physicalpq a m et rs by goingthro ugha
cloud layer丘o n th¢ top of a clotld layer to its ba s e･ n e otherair cr aftCessn a4 04T主tzn(C 404)
equipped do wnlo oking r adio m 血 ssu ch as allR radio m ebic 血cr n o m eter
,
a FTIRradio m eteq a nd a
ゐ al-fiequ e n cy micr o w a v e radio m eter, and o n es et ofMulti- cha n nel Clo udPyr m o m eterfo r upw ard
and do wn wardspe ctr alLlt K m e aSIJr e m e31t･ n is aircr姐 w as used fo r m ea stlrethe radi血o n丘o 皿 Clo ud
a71dstda c eby丑yhg ovq the clo ndlaEyer.
Tbe ch∬ a cterisdc s of 也e micro w av e radio m eteris sho wn table I. T he micro w av e radio m eter
(WVRllOO)w asin staued o.I C 404 air cra& lo oking Jladir to m ea stJr ethe trpwd 血g micro w av e
radiatioJ)丘o m 也e s urfac e
･
a血 o spher e 皿d clod tnde[lyingthe air cra且 The r adio 皿 eterhastw o
丘equ en cy chan n els, horiz o ntalpolqi 血o n23･SGfk and v erdcalpolarizEdo n31.4GHz, btlt m e aStEre
the radiado 皿by tw o chan n els h t皿 e Sharingbas e. The refore the tin ediffere n c eis e xist abotlt
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o.5s e ca nd betw e e nthe m e as u re m ettts h w o chan n els. To r血 evlngClo 甘dli甲idw aterpath 丘om the
血 cr o w守ve radiom eter･ a n o 111ine ar 町 eSSio D algori 血m had beende v eloped 叫'ughsim ula 血 study･
Co JnP- SO B Of the clo tld liquidw aterpath betw e enthe es也m Etedtuhgthis algorithm and thegiye n
v alu e sfo r v ariotlS atm osphere aJld clo ud 皿 Od dsis show nin 丘gtJreI. Tもe es血Iadozl erro r Ofthe
clotldliq血d w aterpath is e xpectedtobe abotlt8% .
Wehadtw o sim dta n e otJS m e aStXre m entS for str 3tO C u mdus clo ud u singthe tw o.airc ra丘 o v er o ccin
inJa ntlary20 196at off- W bkas abayin Ho n shytl and inJa n u a ry221997oq･ Kago shim ain Kyu shytl.
FigtJl e2 sho w sthe v ertic al disbib 血o n of the clo udpardcle radiu s(a) and clo ud w ater c o ntent
dlSbibudon 仲)m ea s ur ed bydie Clo ndparticleprobesin die1997m ea spre m ent(relatedinfor m血 'n
sho w sin table2)I T he Glotld l野 eris rotlgh1ytmi fo rmin?lotldparticle s12:ewi 血m e an r adhlS Of7叫m
buthad alarge v ari 血o nin liq山d w aferCO nte nt 血 e to rapidv ertical changeinitsparticle nt皿 ber
d弧 Sity. Fo rthe 1 99 6m e a stzrG m ent, 血 e clotldlzEyer W as n ea4
Lly the sa m e si2:edisbiblldo n wi ththe
m e an r adiu s of7.51皿 b11t m oder ate cha喝 ein clotld w ater cotteTEt.
Figur e3 sho w sthe 血 e s eqtlen C eS Of 血e cloudliq血idw 加 rp姐1Sfo rthe1996me a s u re m e nt(a)and
forthe 1997 m e astF e m etlt(ち)de riv ed 丘o n dle micro w a v e radio m eter, respe ctiv ely. T he horiz o ntal
barsh thefl酢r eS Sho w the si 皿 Lta n e otkSlytn e as ur ed clod liquidw aterpaLthsby the clo udparticle
probes, thebarlengths sho wthe co -1o c at由 clo uds o u nd hg ar e a/血n e c o rr e甲Ondingtqsin tdtBLn eO tS
m ea sufe m e nts by the tw o aircr aft ¶栂 n egativ e valu e ofthe clo ud w ater path is mainly 血e to the
deviat10Ilin obser v atioTLangle ofthe microw av e r adio m eter舟o n the 7)adirdire cdo nfo rC404 由r craft
to tt n 且ight c otlrS e. The clolld liqtLidw aLterPaths deriv ed 丘o m 血e> micr o w a v e r adio7n ete rdata
re 弧 O Jlably agree wi th tho s cgiv e nbythe clo udpardclepr obe m ea stzr e m ents. This exp血 m e ntalstudy
sho w sthat 血e mic ro w av e radio m eter m e ast)re m e nt of a w ater clo tld by llSing n o n-lin e ar r egr essio n
eq血 o ngLV e S re a so n able e stin a壬e of the clo ud liqtddw aterpath･
3. Co n chlSio n
Fr o m sir EtLlan e ot u甲e a su r e m erEt Ofstradfo rm w ater clod by micr o w av c radio m ete r andby clond
pardcle probe s, the m lCr O W aV e Tadio 皿 etergives re aso n able clolld liquidw aterpadl W a s V eri五ed･
Therefo rethe micro w av e r adio m ete rda払 w Otldpr ovi de tLS e血Ir efer en c ein血 m a丘o nfo r clo udsttldy･
Refere n c es
C一1rry, J･ A, C D･ Srde el 皿d L･ Tim , Li甲idw ater coT[ter[t a ndpr ecipita,do ll Cha ra cteristics of
strad fo rm clo uds a sinferr ed 丘o m sateuite micf O W a V e m ea Sld e m叫 J. Ge ophys. Res. , 95, D 10,
16659-16671
,
990.
Atn o spheric re m ote s en siJlgby microw a v e r adio m eby, JazISS en, M ･ A ･ , Ed･ 193, John W iley 良
So ns. 1 -5 72.
Table1 Characteristics 0fa du al- frequ e n cy mic r o w ave radio m eter m llOO
23.8GE2. a nd 31.4GH2:, tim e- Sha r ed
400 M Hz(double -aideba nd)
total-po w er r e ceiv e r
6
''
Ga 11S Sia nle ns anten n a a nd c o mgated 島ed ho r n
32d Bi
5.7/4. degr e efo r23.8 a nd 31･4 G Hz(fu llangle ath al fpo w e r)
1 E
0_500E
1 8 e C.
hn ear: v e rtic allhoriz o ntal
blackbody, n oisediode a ndtip ping c u r v es
0.45 degr e e.
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Ope r atio nal丘eqtlenCy
ba ndwidth
r ec eiver
a nte n na
a nte n n aga ln
bea m vidtb
radio n etn c a ccu r a cy
m e a s u r e m e nt range
s a mplingtin e
polari乙ation
calibr atio n
B Can ning r e 8 0lution
Table 2 CloudLiq山d Water Pathk/m
2
)ofstr atoc un ulu s clo ud deriv ed from vertical ly
Su m ming up chud w z(terden さit7 n e a 8u red by aircraLts o u nding using KingL WC, P V M-
1 00 A
,
F SSPpr obe s aLnd micro w ave radio m ete rin 199 7. 1. 22atlo calti】Ile Of 12.29 I 1 2.32
clo ud layerheight
lOtlm IR do udtopbrightn e B8te mpe r atu re
lOll mIR8 e a 毒血 ぬ c eb rightnes ste mpe r atu re
airte mperatu r e atcloudtop
airte trLperatu re atClotldba se
s ou ndin g aLrea latitude
longitude
m e a ndia mete r ofclo udparticle
1.78(top) - 1.14(b乱 昨)k m
.5.7 C
17.3 - ll.3C
-9.0C
.5,5C
31.41- 31.30 N
129.48-129. 53 E
7.0岬 n(P V M)
5.5p m (FSSP)
CLW P g/m
2
Aircra丑:Beechc r a氏 B 2 00_
E ingL W C 102.1
GerberP VM - 100 A 16 9.6
FSSP 21. 6
Air c raft: Ce8S naC404
M im w 且VeRadio m ete r 18 2.7
(aver aged valu e retrievedCL WP over sou nding a r e a)
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Figu r e1 Estim ated cloudliquid w ate rpath by u 8 mgthe non -lin e a r regr e s8io n algorithm
fo r m llOO airbone mic ro w a v e r adio meter
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